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@ Hydratable btoelectrode. 



® A hydratable iontophoretlc bioelectrode includes 
a layer o1 materia! for absorbing and holding an 
ionized fluid when placed in contact with the fluid. A 
conductive sheet of material is positioned in contact 
with one side of the layer of material and Is connec- 
table to an electrical charged source to receive a 
charge of the same polarity as the polarity of ions In 
the fluid. A support base holds the layer of material 



and conductive sheets in place to enable placement 
of the layer of material against the skin or tissue of a 
person into which ions from the ionized fluid are to 
be delivered. This is carried out by applying the 
charge in question to the conductive sheet to cause 
the ions in the layer of material to migrate therefrom 
Into the person's skin or tissue. 



Fig. I 
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HYDRATABLE BtOELECTROOE 



This invention relates to an iontophoretic 
bioeiectrode system capable of absortung an aque- 
ous tonic solution for subsequent iontophoretic de- 
livery into the skin or tissue of a patient. 

Iontophoretic bioelectrodes. used In place of 
hypodermic needles to Inject medications into a 
person's skin or tissue, typically Include a pouch or 
similar enclosure formed with a wettable barrier or 
a microporous membrane on one skJe thereof. See, 
for example. U. S. Patent Nos. 4.250.878. 
4,419.092 and 4,477.971. A medication solution 
containing ions to be deTivered into the person's 
skin or tissue Is injected into the pouch by means 
of a hypodermic needle, a syringe, etc. When the 
wettable barrier or membrane is placed against a 
person's skin and an electric current is supplied to 
ttie solutk>n, the ions are caused to migrate from 
the solution, through the wettable banner or mem- 
brane, and into the skin. 

For the bioelectrodes described, barriers, or 
memtxanes are required to retain tfie solution in 
the pouch while allowing ions to migrate thereth- 
rough. However, such barriers or membranes also 
inhibit wetting of the skin and thus the migration of 
ions to a certain extent, as compared to the situ- 
ation if the solution were in direct contact with the 
skin. 

Also, because of the use of a pouch or simitar 
enclosure to contain the medication solution, a 
mechanism or structure on the enclosure is neces- 
sary for altowing the injection threinto of the solu- 
tion. Sucli structure has typically included some 
type of orifice containing a plug into which a hy- 
podermic neadla or syringe tube may be inserted 
to allow detivery of the solution through the orifice 
Into the Interior of the enclosure, while preventing 
the outflow of the solution after it has been injected 
Into the enctosure. The requirement for such solu- 
tion receiving mechanism on the enclosure, of 
course, increases the cost of the bioeiectrode and 
gives rise to potential leakage locations. 

It Is an object of the invention to provide an 
inexpensive, skin contour conformable, and easy to 
construct iontophoretic bioeiectrode. 

It is an additional object of the invention to 
provide such an Iontophoretic bioeiectrode which 
allows for improved wetting of skin when placed in 
contact therewith, and efficient delivery of ions into 
the skin. 

it is also an object of the invention to provide 
such an iontophoretic bioeiectrode in which the 
need for special solution receiving structure or 
mechanisms is obviated. 

It is a further object of the Invention to provide 
such an Iontophoretic bioeiectrode capable of ab- 



sorbing and holding an ion containing solution 
when placed in contact therev^rith. 

The above and other objects of the invention 
are realized in a specific illustrative embodiment of 

5 a hydratable bioeiectrode for delivering ions of an 
ionized fluid into a person's skin or tissue. The 
t}loetectrode Includes a layer of material for absorb- 
ing and holding the ionized fluid when placed in 
contact therewith, a conductive sheet disposed in 

10 close proximity to the layer of material for receiving 
an electrical, charge of the same polarity as the 
polarity of ions In the fluid to thereby cause such 
ions to move from the layer of material away from 
the conductive sheet, and a support base on which 

15 the layer of material and conductive sheet are 
mounted. 

In accordance with one aspect of the Invention, 
the layer of material comprises a polymer 
(dehydrated hydrogel). either in a continuous, fi- 
20 txous or granular form, suitably held in place by 
the support base. One arrangement for holding the 
polymer In place and for inhibiting tiie build-up of 
residue on the skin from tiie polymer involves the 
use of two layers of mesh material for hokling tfie 
25 polymer therebetween. Exemplary hydratable poly- 
mers include at least partially dehydrated polyeth- 
ylene oxide, at least partially dehydrated 
pdyacrylamide. and ammonium polyacrylate. 

In accordance wftii another aspect of the Inven- 
30 Won, the layer of hydratable material is composed 
of a matrix of fibers, such as cellulose fibers, 
impregnated or interwoven with a hydratable poly- 
mer. 

In the drawings: 
35 The above and other objects, features and advan- 
tages of the invention will become apparent from a 
consideration of the following detailed description 
presented in connection wlOi tiie accompanying 
drawings In which: 
40 FIG. 1 is a perspective, partially cutaway view of 
an iontophoretic bioeiectrode made in accor- 
dance witii the principles of the present Inven- 
tion: 

FIG. 2 is a side. cross-secUonal view of the 
45 bwelectrode of FIG. 1 : 

FIG. 3 is a side, cross-sectional view of one 
embodiment of the hydratable layer of Une 
bioeiectrode of FIG. 1 ; and 
FIG. 4 is a side, cross-sectional view of another 
so embodiment of the hydratable layer of Uie 
bioeiectrode of FIG. 1 . 
Referring now to the drawings: 
Referring to FIGS. 1 and 2 there are shown a 
perspective, partially cut-away view and a side, 
cross-sectional view of an Iontophoretic bloelec- 
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trade made tn accordance wtth the present inven- 
tion. The bioeleclrode Includes a generally circular 
support base or holder 4 made preferably of a 
flexible and electrically nonconductive material 
such as polyurethane, polyvinyl chloride or silicone. 
Alternatively, the support base 4 could be made to 
be substantially rigid. Although the support base is 
shown as being circular. It should be apparent that 
any shape or configuration suitable for carrying out 
the iontophoretic delivery of medication into a per- 
son would be suitable. The support base 4 of FIGS. 
1 and 2 includes an upper, generally flat plate 4a 
and a skirt 4b projecting downwardly from the 
perimeter of the upper plate 4a to form a cavity 6 
in the support base. 

Disposed in the cavity G of the support base 4 
immediately under the upper plate 4a is a circular 
electrically conductive sheet of material 8 for re- 
ceiving an electrical charge of a predetermined 
polarity. The electrical charge Is received via a 
conductive nipple 12 which extends from contact 
with the sheet of material 8 through the upper plate 
4a of the support base 4, as shown in FIGS. i and 
2. A conductive lead (not shown) for coupling an 
electrical charge source to the conductive sheet of 
material 8 may then be joined to the nipple 12 to 
carry the electrical charge to the conductive sheet 
This, of course, is conventional and is shown in 
some of the patents eariier cited. 

Also disposed in ^e cavity 6 of the support 
base 4 below the conductive sheet of material 8 is 
a hydratable layer of material 16. The hydratable 
material 16 and the conductive sheet of material 8 
could be held In place witNn the support base 4 by 
a suitable adhesive preferably placed about the 
perimeter of the material 16. Advantageously, the 
conductive sheet of material 8 Is In direct contact 
with the layer of hydratable material 16. and is 
generally coextensive therewith. 

The hydratable layer 16 is composed of a 
materia) capable of absorbing and holding an ion- 
ized fluid when placed in contact therewith, which 
ionized fluid will be effectively retained until all 
electrical charge of the same polarity as the polar- 
ity of the ions contained in the fluid is supplied to 
the conductive sheet of material 8. Upon the ap- 
plication of such a charge, ions in the fluid con- 
tained in the layer of material 16 are caused to 
migrate away from the conductive sheet 8 and Into 
the skin or tissue of a person over which the 
bioelectrode (and which Is in contact with the 
hydratable layer 16). Of course, as described in the 
aforementioned patents, a second electrode for re- 
ceiving an electrical charge of opposite polarity 
from that received by the bioeleclrode of FIGS. 1 
and 2 would bo placed in contact with the skin or 
tissue In close proximity to the placement location 
of the bioelectrode. The use of two electrodes is 



conventional iontophoretic bioelectrode procedure, 
in this manner, the ionized medication is caused to 
migrate into the skin or tissue of the person being 
treated. 

6 The hydratat»le layer 16 should be distin- 

guished from materials such as sponge or fibrous 
masses which can absorb solutions and then dis- 
charge such solutions by mechanical means, e.g., 
squeezing. The solution absortsed by the hydrata- 

10 ble layer 16 cannot be discharged by mechanical 
means. 

The hydratable layer 16 is Initially dehydrated 
or substantially dehydrated when disposed within 
the support base 4 and is thus in a reduced- 

15 volume condition. When placed in contact with the 
ionized fluid to be delivered Into a patient, the 
hydratable layer 16 absorbs the fluid and expands 
to substantially fill the cavity 6 formed in the sup- 
port base 4. (The bioelectrode may simply be 

20 immersed in the fluid to be absorbed or the 
bioelectrode could be turned over so that the 
hydratable layer 16 faces upwardly, and then the 
fluid could be poured, dripped or ejected onto the 
layer 16). Advantageously, the hydratable layer 16 

25 comprises a polymer such as polyethylene oxide, 
polyacrylamide, or ammonium polyacrylato. Such a 
polymer layer 1 6 assumes a tacky, adhesive char- 
acteristic when hydrated to adhere to skin with 
which it contacts. 

30 The hydratable polymer layer 16 may take a 
variety of forms including that of a continuous 
polymer sheet such as shown in FIG. 2. a fibrous 
polymer or another fibrous matrix Impregnated with 
a hydratable polymer, such as shown in FIG. 3, 

35 and a granuMed polymer held in place between 
two sheets of hydrophilic material such as shown in 
FIG. 4. The fibrous matrix, such as designated in 
RG. 3 at 20. could be constructed of cellulose 
fibers wound and intertwined about one another 

40 and then impregnated with the polymer of interest: 
or the fibrous matrix could be composed simply of 
the polymer itself formed into strands suitable for 
Intertwining and winding about one another. 

FIG. 4 shows a side, cross-sectional view of a 

4S hydratable layer of material composed of two co- 
extensive and spaced apart sheets of material 24 
and 28 whose edges are Joined together to define a 
cavity 32 between the sheets for holding the 
granulated polymer 36. The sheets of material 24 

60 and 28 are permeable to liquids such as the ionic 
medications discussed herein. For example, the 
sheets of material 24 and 28 couki be composed of 
a nylon mesh or a hydrophilic membrane such as 
polyurethane. The hydratable layer embodiment of 

55 FIG. 4 is not as effective in wetting of the skin as 
are the layers 16 and 20 of FIGS. 2 and 3 respec- 
tively and thus is not as effective In allowing the 
migration of ions from the hydratable polymer ma- 
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tedal to th0 skin. 

As earfier indicated, it is desirable that the 
hydratabie layer 16 assume a tacky, adhesive char- 
acteristic when hydrated. but if such a layer is not 
provided, then an adhesive could be applied exter- 
nally to the bottom edges 4c of the support base 4 
of FIGS. 1 and 2. Exampies of such a tacky or 
sticky substance are polyacrylic acid and silicone 
pressure sensitive adhesive. 

in the manner described, an lontophoretic 
bioelectrode is provided in which the ionized medi- 
cation may be absorbed into a hydratabie layer In 
the bioelectrode upon contact between the layer 
and the medication. Thus, the need for specially 
designed solution receiving structure is avoided. In 
a preferred embodiment of the bioelectrode, a 
hydratabie polymer is utilized which will absorb 
ionized medication and hold the medication until It 
is driven therefrom by the process of iontophoresis. 
Placing the polymer layer in direct contact with the 
skin or tissue of the person being treated altows for 
improved wetting of the skin or tissue and thus 
more efficient delivery of ions thereinto. 

It is to be understood that the above-described 
arrangements are only illustrative of the application 
of the principles of the present invention. Numer- 
ous modifications and alternative arrangements 
may be devised by those skilled in the art without 
departing from the spirit and scope of the present 
invention and the appended claims are intended to 
cover such modifications and arrangements. 



Clafms 

1. A hydratabie bioelectrode for delivering ions of 
an ionized fluid Into a person's skin or tissue com- 
prising 

a layer of material for absorbing and holding the 
Ionized fluid when placed in contact therewith, 
a conductive sheet disposed in close proximity to 
the layer of material for receiving an electrical 
charge of the same polarity as the polarity of ions 
in the fluid to thereby cause such tons to move 
from the layer of material away from the conductive 
sheet and 

support means on which the layer of material and 
conductive sheet are mounted. 

2. A btoelectrode as in Ctatm 1 wherein saki sup- 
port means is formed to maintain said layer In a 
predetermined profile. 

3. A bioelectrode as in Claim 2 wherein said sup> 
port means Is formed of a substantially rigid ma- 
terial. 

4. A bioelectrode as in Claim 2 wherein said sup- 
port means Is formed of a substantially flexible 
material. 

5. A bioelectrode as In Claim 2 wherein said sup- 



port means is made of a material selected from the 
group consisting of polyurethane. polyvlnylchloride 
and sificone. 

6. A bioelectrode as in Claim 1 wherein said layer 
5 of material is composed of a material which, when 

it has absorbed the fluid, assumes a tacky adhe- 
sive characteristic to thereby adhere to skin. 

7. A bioelectrode as In Claim 1 wherein said layer 
of material comprises a hydratabie polymer 

TO 8, A bioelectrode as in Claim 7 wherein said poly- 
mer is comprised of a matrix of fibers impregnated 
with a hydratabie polymer. 

9. A bioelectrode as In Claim 7 wherein the poly- 
mer Is selected from the group consisting of sub- 

IS stantially dehydrated polyethylene oxide, substan- 
tially dehydrated polyacrylamlde. and substantially 
dehydrated ammonium polyacrylate. 

10. A bioelectrode as in Claim 7 wherein said 
polymer Is comprised of a continuous sheet of 

20 polymer. 

11. A bioelectrode as In Claim 1 wherein said layer 
of material comprises 

a body of material at least a portion of which is 
hydrophilic. said body having a cavity therein, and 
25 a polymer material disposed In the cavity for ab- 
sorbing and holding the fluid when placed in con- 
tact therewith. 

12. A bioelectrode as In Claim 11 wherein said 
body of material is composed of fluid permeable 

30 cloth. 

13. A bioelectrode as in Claim 12 wherein said 
cloth is a nylon mesh. 

14. A bioelectrode as in Claim 11 wherein said 
body of material comprises two coextensive sheets 

35 of material whose edges are formed together to 
define said cavity between the two sheets, at least 
one of said sheets being made of a hydrophilic 
material. 

15. A bioelectrode as In Claim 11 wherein said 
40 polymer material is granulated. 

18. A bioelectrode as In Claim 11 wherein said 
polymer material Is fibrous. 

17. A bioelectrode as In Claim 15 or 16 v^erein 
said polymer material Is selected from the group 
45 consisting of polyacrylamlde. polyacrylate, and cel- 
lulose. 

16. A bioelectrode as in Claim 1 wherein said 
support means comprises a body of material hav- 
ing a cavity on an underneath side into which said 

50 layer of material and conductive sheet are dis- 
posed, said body of material having a downwardly 
projecting sidewall surrounding the cavity, the 
sidewall terminating In a lower edge. 
1Q. A bioelectrode as in Claim 18 further including 

65 an adhesive disposed on at least a portion of the 
lower edge. 

20. A bioelectrode as in Claim 19 wherein said 
adhesive is polyacrylic acid. 
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